ABSTRACT
INTRODUCTION
Bergantino, Capurso, Dekker, and Hess error issues with the indicators, the ICLV approach also allows us to make the indicators suitable for 1 forecasting.
2
In this paper, we adopt the ICLV framework to measure consideration of airport access modes 3 using three distinct sets of indicators collected as part of a stated choice (SC) survey on airport access 4 mode choice. The first set consists of the level of agreement with various perception statements and of 5 a preference-based ranking of the alternatives; the second refers to thresholds for attributes inferred 6 from respondents' previous choices; the third set comprises direct reports of consideration of the 7 alternatives. These indicators have been chosen because they represent additional sources of 8 information which are generally collected during travel surveys (the first two sets), or because they 9 have been used in previous studies to measure consideration of the alternatives (the third set).
10
In our proposed formulation, latent consideration explains the indicators and enters the utility 11 of an alternative through a discounting factor. The discounting factor effectively accounts for 12 consideration lowering the utility, and therefore choice probability, of a supposed unconsidered networks. Other public transport means are available (e.g. local buses), but these involve at least one 21 interchange, are even less frequent, and their timetables are not coordinated. As a result, travellers from 22 these areas mainly access the airport by car.
23
Given these premises, in this paper we estimate mode choice models in which we allow for the 24 possibility that some air travellers might not consider public transport as a feasible alternative. Both RP 25 and SP data is used in the estimation, and the proposed ICLV models are compared with two reference 26 models: the first is a traditional Mixed Multinomial Logit (MMNL) model in which all alternatives are 27 assumed to be considered. The second is a reduced-form MMNL model of the proposed ICLV models, 28 which only infers the latent consideration for public transport through the observed choice data. The 29 models are compared on the ground of the overall fit to the data, parameter estimates and out-of-sample 30 prediction ability.
31
The remainder of the paper is structured as follows. We describe the available data in Section 2.
32
Section 3 lays out the empirical strategy and explains the proposed model. In Section 4, we report and 33 discuss the estimation results, and in Section 5 we present the validation exercise. Finally, in Section 6 34 we draw conclusions from our study.
have a private car, and therefore to use it to access the airport, whether in the 'kiss-and-ride' or the 'park-and-ride' mode (i.e. 'as passengers' or 'as drivers'). Second, because they are more likely to have better 1 knowledge of all available alternatives. Third, because they are more familiar with regional traffic 2 patterns. Given these premises, residents represent a major potential market for public transport services 3 (TCRP 83).
4
The catchment area for this airport goes far beyond the city of Bari. It comprises the geographical 5 boundaries of the whole Apulian region and the adjacent county of Matera in the Basilicata region. It has 6 been estimated that approximately 3,150,000 individuals can access the airport within 90 minutes 7 (ENAC, 2010). Only 9% of these potential passengers live in the city of Bari (ISTAT, 2017) , and this 8 explains why this paper focuses on regional rather than urban mobility patterns towards the airport. 
24
The third set of indicators comprises self-reports of consideration of the alternatives.
25
Respondents were asked to reveal which alternatives they actually considered at the end of each choice In Figure 1 we illustrate the general ICLV model formulation, consisting of three sub-models: a 
6
Structural model
7
In the structural equation, latent consideration for alternative i (e.g. public transport) and respondent n,
8
, , is defined by (1)
11 12 where , denotes a vector of socio-demographic characteristics of the respondent whose impact on 13 latent consideration is measured by , and , represents a normally distributed error term (24).
14 Changes in the structural equation impact both the measurement model and the choice model 15 components, given that latent consideration is an explanatory variable in both.
17

Measurement model
18
The measurement model links latent consideration (as defined by Equation 1) to its indicators.
19
Depending on the nature of the selected indicator, distinct measurement models can be specified. In 20 this paper we test for the use of ordinal, continuous, and binary indicators. Therefore, we specify the 21 corresponding measurement models as an ordinal logit, a probability distribution function, and a binary 22 logit, respectively.
24
Ordinal indicators
25
The level of agreement with statements such as those related to public transport reported in the 
Where , are estimated threshold parameters, s ∈ (1,2,3,4,5) if a 5-point scale is used, , is the 8 latent consideration, measures its impact on the value of the indicator, and , is the error term.
9
For normalisation purposes, we set ,0 to -∞ and ,5 to + ∞; therefore, only the intermediate four
10
threshold values can be estimated for each indicator.
11
The likelihood of the observed value , is then given by (3): 
29
The likelihood for observing a particular threshold is given by the normal density function (5): indicators. The likelihood function for this part of the model is (7):
9 10 where is a dummy variable which takes a value of 1 when the alternative is stated to be considered, 11 and 0 otherwise.
13
Choice model 14 The mode choice model uses a random utility specification, where the utility of alternative i, for 15 respondent n in choice occasion t depends on both observable explanatory variables and latent
17 18
19 20 where , , is a vector of attributes of alternative i for respondent n and choice situation t whose 21 impact on utility is measured by , and is a vector of socio-demographic characteristics of 22 respondent n whoseimpact on utility (which differs across alternatives) is measured by . The repeated choice nature of the data is taken into account through the use of a panel MMNL and the 6 estimation of robust standard errors (cf. 36). The models are all estimated using maximum simulated 7 likelihood and 500 Modified Latin Hypercube Sampling draws (37).
9 10
RESULTS AND DISCUSSION
11
We account for latent consideration for the public transport alternative in the case of airport access 12 mode choice for Bari airport. We assume that this alternative is not 'fully' considered by our sample of 13 air travellers. This might be due to possible negative judgements about its reliability, safety concerns, 14 lack of convenience (with respect to the departure location), or comfort, since it involves at least one 15 change. Other modes are assumed to be fully considered.
16
The choices from the revealed (i.e. the access mode used by the respondents during their last 17 trip to the airport) and stated preference data have been jointly estimated. We first use responses to perception statements and a preference-based ranking of the alternatives Finally, given that we employed both RP and SP data, we also estimated a scale parameter for 
27
Where equals 1 for RP observations, and 0 otherwise (i.e. for SP observations). As expected, 28 the scale parameter for SP is greater and statically different from one (which is the RP case).
29
We now move towards the discussion of the results of Models 2-4, where latent consideration 30 for public transport has been included in the utility. These are all ICLV models which differ by the 31 indicators used to measure consideration. As discussed in Section 3, three separate components can be 32 identified in an ICLV model, the structural, the measurement, and the choice sub-models. The three 33 components have been estimated simultaneously in Models 2 and 3, and sequentially in Model 4, since 34 the indicators for stated consideration were available only for approximately 40% of respondents.
35
In the structural sub-models for Models 2-4, we parametrised the latent consideration as a 36 function of a dummy variable taking the value of one if the respondent was a student, and zero 37 otherwise. Consistent with our expectation, the γ parameters (see Equation 1) indicates that the latent 38 consideration for the public transport alternative is higher for students.
39
In Model 2, three distinct measurement sub-models have been estimated, given that three indicators 40 have been used, namely the preference-based ranking, and answers to two perception statements related 41 to frequency and reliability for public transport. Preference ranking was re-scaled on a 4-points scale, assumption in all cases is that more positive responses to the indicators are observed when latent 1 consideration increases. As expected, the ζ parameters are all positive.
2
In the choice sub-models for Models 2-4, the τ parameters measure the marginal impact of 3 latent consideration on the utility for the public transport alternative, which is found in all cases to be 4 statistically significant. This implies that a value for the latent consideration closer to unity (zero) 5 would lead to higher (lower) utility for this alternative. We also observe that the parameters accounting 6 for the likelihood of choosing public transport for respondents on a business trip is no longer 7 significant. This might indicate a possible (negative) correlation with the γ parameters in the structural 8 models, since students are less likely to travel for business purposes.
9
Model 5 is the reduced-form MMNL model of Models 2-4. In this model we do not estimate 10 any measurement models since we do not make use of any indicators. The latent construct now only 11 explains choices, and, as a result of this, we observe a larger standard error for the γ parameter 12 (structural model) compared to Models 2-4, i.e. there is an efficiency loss.
13
Interestingly, all parameters in Models 2-5 (except for 'scale SP') are reduced in size with 14 respect to Model 1 (where we do not introduce the log-discounting factor). 
20
Forecasted aggregate market shares are represented in Figure 2 . In line with our expectations, in 21 a status quo scenario (i.e. applying the model to the attribute levels faced by the respondents) models 2- The average probability for the chosen alternative is used as measure of fit on the validation 2 sample. As we can see from Table 4 , the ICLV models (Models 2-4) produce slightly better predictions The challenge with consideration of alternatives is that this aspect of an individual's decision-making 12 process is unobservable. When the only information available is that on the final outcome of the 
21
In this paper we overcome these drawbacks by treating indicators for consideration as 22 dependent rather than independent variables, and modelling these together with choice within an ICLV 23 framework. Latent consideration, rather than the indicators, enters the utility of an alternative through a 24 'discounting' factor, which effectively accounts for consideration lowering the utility, and therefore 25 choice probability of that alternative.
26
The proposed approach is tested in the context of airport access mode decisions for journeys to
27
Bari International Airport, in Italy, using data from a SC experiment on a sample of air travellers change in the quality of its services. Of course, given that the true data generating process is unknown,
10
it is impossible to identify the size and direction of a 'possible' bias. All that we can observe is the 11 difference with a more traditional MMNL model.
12
In general, accounting for consideration of public transport seems to provide a more realistic since a properly specified reduced-form MMNL model is able to attain very similar results.
18
Nevertheless, the availability of indicators -similar to those used in this paper, which can be easily
19
included when designing an air passenger survey -allows us to identify the structural drivers of 20 consideration, in this particular case that students are more likely to consider public transport as a 21 feasible access mode.
22
As with any paper, there are many areas for future research. This includes testing whether the 
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